In studying the changing locomotor responses of the elderly it is natural'to concentrate on the component elements of the skeletonthe joints and bonesand those tendons, muscles and
ligaments which control their movement. .The articulation of a joint, however, also depends, at least in part, on the nature and integrity of the other spft tissue which surrounds it.
It may not be fortuitous that in Ehlers-Danlos .syndrome, in which'there is a considerable degree.
of hypermobility of the joints, hyperelasticity of the skin also occurs to the greatest extent over these regions. Collagen occurs as a constituent of all the component elements of a joint, from the rigid bones through the pliable but relatively rigid cartilage to the tendons and skin which surround and stabilize the joints. Hence, although it is possible for studies of collagen ageing to be carried out on most of these tissues, it also is perfectly justifiable to use knowledge obtained from an examination of the most easily available tissue, the skin, to provide evidence for changes which might occur in the others, always bearing in mind that different age effects may occur from tissue to tissue depending on differences in collagen type and also on differences in the number and alignment of the fibres or fibre bundles which characterize each type of tissue.
Hence in the present communication, a'ge changes in the skin will in the main be used to answer the question, 'Disease or decay?' when applied to age changes which are apparent in locomotor ability. In common with all other extracellular proteins collagen is synthesized on ribosome-RNA complexes within the cytoplasm, and is secreted by. the cell to undergo subsequent changes in the external milieu of the tissue. The structure of the tissue is dependent on the availability of collagen in the form of microfibrils or soluble tropocollagen molecules, and as will be seen later many of the age changes to be described can be attributed to alterattions occurring in these extracellular forms of collagen. However, the existence of collagen in its mature form is dependent on a series of reactions which take place intracellularly and therefore, although these reactions can themselves in no way be regarded as age dependent, -their occurrence provides the basis for subsequent changes which are 'directly related to the ageing phenomenon.
The individual a-chains, as originally synthesized on the ribosomes, incfude lengths of noncollagenous peptide containing cysteine amongother amino acids (Lenaers et at. 1971) . The oxidation of cysteine residues from a,djacent chains constrains them to combine in groups of three in a lateral array which permits the stabilization of each chain in a helix, located in relation to the other pair by hydrogen bonds so that the three helices coil'round one another in a super helix of greater pitch. The absence of firm disulphide links at this stage would permit the random alignment of the a-chains and only a minimal number would aggregate correctly as tropocollagen.
In part, the stability of the collagen micro-Ifibrils which result from the alignment of tropocollagen molecules is dependent on the presence of hydroxyproline and hydroxylysine residues. Since neither of these amino acids can be assimilated into collagen at the point of ribosomal synthesis, they are introduced after the formation of the procollagen molecule by hydroxylation of proline and lysine respectively (Prockop et al. 1972 ). As the fully hydroxylated molecule is secreted from the cell, a group of proteolytic enzymes remove the cystine-containing registration peptide, releasing the intact tropocollagen molecule (Jimenez et al. 1971) . The lateral alignment of the a-chains by this peptide, and the subsequent stabilization of the tropocollagen molecule by specific hydrogen bonds, results in the close localization of lysine and hydroxylysine residues in adjacent chains. Some of these suffer oxidative deamination under the action of copper controlled amino oxidases, and they may then react with the formation of crosslinks of either Schiff's base or aldol type. The permanence of these cross-linkages may then be increased either by molecular rearrangement or by interaction with other reactive residues (Bailey 1973) .
From this series of reactions it might be assumed, as was originally proposed by Verzar (1957) and Bjorksten (1958) , that the main extracellular ageing phenomenon as far as collagen is concerned is the introduction of an increasing number of cross linkages. This could in fact explain some of the age-induced physical changes which can be observed in some collagenous tissues, since the increased stability and rigidity and decreased solubility and susceptibility to attack by enzymes which would accompany the introduction of cross-links could certainly induce some of the alterations in function which are observed. However, Strehler (1962) has pointed out that for a phenomenon to be assessed as truly age dependent, there must be evidence for a reduction in efficiency in the organ, organ system or whole organism concerned, as the phenomenon develops.
Deleterious effects of this type can be demonstrated for collagen, using skin as a model. Ridge and Wright (1966) demonstrated that load/ extension curves for skin could be defined by the use of an arbitrarily derived formula: E =c + kLb, where c, k and b are constants. Of these only the latter is fully independent of the size and shape of the skin sample being stretched and hence any alteration in its value would appear to represent changes in the nature of the collagen fibres under tension. Hall (1967) pointed out that the form of the curve relating values for 'b' to age, which is parabolic with a maximum between 40 and 45 years of age, must indicate that the rigidity of the skin also passes through a maximum at this age. Since there is no evidence that the covalent linkages between the collagen molecules, once stabilized, can subsequently be broken, changes in physical properties such as these must be due to main chain degradation.
Collagen can suffer two forms of main chain degradation. The action of tissue collagenases can bring about the fission of the individual a-chain between the glycine and isoleucine residues at positions 789 and 790, three-quarters of the distance from the N-terminal end of the molecule (Weiss 1976) . Conversely the effect of generalized proteolytic enzymes is restricted to the telopeptide regions of the molecule in the region of the crosslinks. To return to the collagenous component of the joint, the isolation of a specific collagenase from rheumatoid synovia (Harris & Krane 1971) would appear to support the former possibility, but observations by Leibovich and Weiss (1970) that this enzyme, while capable of degrading individual a-chains, is without effect on insoluble, fully cross-linked collagen, would indicate that both forms of attack may be required for the in vivo degradation of the collagenous elements of joint tissue.
It may, therefore, be concluded that the degradation of collagen, which may bring about those changes in7joints which are associated with ageing or with rheumatoid arthritis, is in fact a multifaceted phenomenon, dependent on more than one form of enzymic attack. While the continuing degradation of collagen by tissue collagenases may be assumed to be a true ageing effect, the potentiation of the tissue to this attack due to the action of some enzyme with generalized proteolytic function may result from any one ofa number of factors. On the one hand the development of auto-immune reactions to tissue components within the joints may bring about the release of lysosomal cathepsins, whereas on the other the effect of enzyme systems originating in some preexisting infectious episode may have an identical activating role.
It may, therefore, be assumed that as far as collagen is concerned, the answer to the question posed earlier is that both physiological ageing (decay) and pathological ageing (disease) may have a role to play in the degradation of joint tissue.
